Introduction The advantages of robot-assisted pyeloplasties (RALP) have been widely documented and increasingly familiar. A 'learning curve' (LC) is difficult to define and its objective review remains problematic. We aimed to evaluate the LC, and outcomes, of RALP performed at our newly established robotic centre. Method and materials After the appropriate training, robot-assisted surgery (RAS) commenced at our centre. A prospective database was maintained regarding demographics and intra-operative timings of all cases, post-operative stay and complications. The data were statistically interrogated and linear regression analysis was performed. Results Between April 2014 and September 2018, 29 urological RAS were performed including 23 RALP. The total operating and total console times were significantly decreased over time, with no significant differences seen in length of stay or complication rates. Regression analysis predicted achievement of open pyeloplasty time (148 min) at 26 cases and 'expert' console time (58 min) by case 34. Median length of stay was 2 days and operative success rate 96%. Discussion RAS is proliferating across the globe. LC is difficult to define objectively. We suggest that the points described here in this 'learning journey' can be applied to other nascent departments and that RALP is safe and feasible within a developing urology unit.
Introduction
The advantages of robot-assisted surgery (RAS) have been widely documented [1] [2] [3] , with joint articulation allowing enhanced freedom of movement, providing greater accuracy and simplifying complex manoeuvres. The benefits for the operating surgeon are potentially longer lasting, as it is ergonomically superior to laparoscopic surgery and reduces fatigue. Equally well acknowledged are the disadvantages. Along with the loss of haptic feedback, these often focus around the significant cost implication; both in the initial outlay and the routine maintenance and disposables expenditure. The question remains whether these are offset by the reduced length of stay (LOS) and improved patient course, although the evidence for this grows [1] .
The robot-assisted laparoscopic pyeloplasty (RALP) is increasingly prevalent across the paediatric surgical community. A recent literature search identified 147 papers regarding paediatric RALP. Although the first was published in 1995, 110 were written in the last decade, with one estimating an increase in RALP-related evidence above 200% per annum [4] . RALP is often the first, and most numerous, urological RAS procedure performed within a paediatric robotic department [4] .
A 'learning curve' (LC) is difficult to define. In a surgical context, it is commonly described as "the time it takes for a surgeon to achieve the accepted levels of competence in a certain procedure [5] ." The LC applies to all team members, not just the primary surgeon, and many factors govern its progress. Due to the difficulties in definition, objectively reviewing the surgical LC remains problematic.
RAS commenced at our centre in 2014, using the da Vinci ® Si system (Intuitive Surgical, USA). The team of three paediatric urology consultants and four theatre nurses completed the appropriate IRCAD (Institut de Recherche contre les Cancers de l'Appareil Digestif, France) course and simulator modules (> 50 h). A proctor was present for the first two cases. We aimed to evaluate the learning curve and outcomes of the initial RALP performed at our single centre.
Materials and methods
A prospective database was maintained for all RAS cases performed in our tertiary surgical centre. For RALP, this included the patient demographics (gender, age, timing of diagnosis, co-morbidities, and aetiology of obstruction), operative technique and detailed intra-operative timings (with breakdown of docking, console, dissection and pyeloplasty times).
Patients were offered RALP if their weight > 15 kg and abdominal size allowed optimal port placement. A standard Anderson-Hynes dismembered pyeloplasty was performed using an 8.5-mm umbilical optical port, 5-mm working ports in the epigastrium and suprapubically; ensuring 8 cm between ports for working space allowance, plus an accessory 5-mm port. All cases started robotically were included in the analysis.
Any intra-operative or post-operative complications were noted, the severity graded using the Clavien-Dindo (CD) grading system [6] , and length of stay recorded. The primary outcome was the assessment of 'operative success,' defined as 'stability or improvement in anterior-posterior dilatation (APD) and split renal function' on ultrasound (USS) and nuclear medicine imaging (MAG-3), respectively.
The variation in the time taken for each procedural step over the period was reviewed, and subgroup analysis was used to compare the earlier cases with the most recent ten patients. Operative timings were compared chronologically to determine the LC. The data were interrogated using Mann-Whitney U test, Wilcoxon signed-rank test. Simple linear regression analysis was performed to delineate the learning curves and predict future progress, all using SPSS v. 24.0 software.
Results
From April 2014 to September 2018, 29 paediatric urological RAS procedures were performed, including 23 pyeloplasties. There was a 12-month hiatus in operating due to financial constraints within this period. The median age at operation was 9.0 years (3.4-16.8 years) with a median weight 34.6 kg (16-65 kg). The patient weight remained the major limiting factor for suitability for RALP in this centre. 52% (12/23) of this cohort underwent surgery after conservative management for antenatally diagnosed hydronephrosis. The remainder presented later with pain, infection or after an incidental finding of upper tract dilatation. The aetiology was evenly distributed between those secondary to an intrinsic obstruction (12/23), and those with crossing vessels (10/23), with one failed previous open pyeloplasty.
The total operating time (TOT) significantly reduced over the 4 years (p = 0.01; see Fig. 1 ), as did the total console time (TCT; p = 0.007; see Table 1 ). The pyeloplasty time tended towards significance (p = 0.06). Analysis of the subgroups, (first 10 cases vs. second 11 cases) demonstrated a The median LOS was 2.0 days (1.0-9.0 days). There were 6/23 minor complications (CD Grade I/II [6] ) including urinary tract infections (n = 2), catheter-related issues (n = 1), renal pole haematoma (n = 1), keratopathy from an uncovered eye during anaesthetic (n = 1) and a hip pressure sore (n = 1); all managed conservatively. Two patients had major complications (CD Grade IIIb [6] ), with one requiring conversion to an open procedure due to technical challenges (previous pyeloplasty with long stenotic segment, 4.3%) and another needing temporary stenting. Post-operative USS confirmed APD reduced significantly when compared with pre-operative measurements (p < 0.0001, paired t test) and there was no difference in function (on MAG-3, p = 0.37, Wilcoxon signed-rank test). Therefore, 'operative success' was achieved in 95.7% of patients (22/23).
By projecting the regression line best describing our data in the future cases, it was estimated that the department would achieve the TOT equal to an open pyeloplasty (148 min described by Sorensen et al. [7] in 2011) after 26 cases (simple linear regression, F = 10.52, R 2 = 0.38, p = 0.005). Secondly, reviewing the TCT against that of an 'expert' (58 min by Tasian et al. [8] , 2013) suggested 'expert time' would be attained after 33 cases (F = 7.8, R 2 = 0.33, p = 0.013; see Fig. 2 ).
Discussion
RAS in paediatric departments is proliferating globally [1, 4] . With its superior, magnified three-dimensional view, articulated instruments, tremor eradication and improved ergonomics, RAS is unlikely to disappear from the operative canon. Our data, although small in size, demonstrated the trend of improvement in operative times and illustrates our departmental journey. This can be extrapolated to form a LC. There are 'expected' peaks in operative time, initially and after the 12-month hiatus (case 11), with more recent cases achieving operative times nearer that of the open procedure (see Fig. 1 ). The observed reduction in TOT and TCT, but comparatively limited change in pyeloplasty time, may reflect the relative 'ease,' and intuitive nature, of RAS suturing technique, therefore lessening the required LC. Each patient provided different opportunities to advance the team's skill, creating a 'learning journey'. In early cases, colonic dilatation caused visual field obstruction; this was resolved with a routine pre-operative enema. The vital importance of appropriate case selection was highlighted by the fourth patient, with a recurrent pelvi-ureteric obstruction, who eventually required conversion to an open procedure. A trans-mesocolic approach to the renal pelvis was adopted after several cases to reduce the time taken for relevant exposure. More recent struggles have reinforced the importance of adhering to the basic principles of open surgery, such as the use of alternative stents if difficulties are encountered, or early percutaneous decompression of a grossly dilated pelvis.
The learning process for any new technique is difficult to define and harder still to quantify [5] . We have demonstrated this centre's LC objectively, with expectations to reach expert TCT at 33 cases, and equivalence with the open procedure at 26. We suggest that any nascent RAS department can hope to replicate this, with training of a dedicated robotic team, (surgical and scrub), and suitable case selection [2] . With complication rates similar to alternative techniques (Maheshwarim et al. [9] and Taktak et al. [10] ), we have shown that RALP is safe and feasible. We acknowledge that a suitably powered randomised control trail is required to truly compare approaches.
